This report is based on an analysis of deaths in 4519 battery plant workers and 2300 lead production or smelter workers during the years 1947 to 1980. Causes were coded to the seventh (1955) revision of the International Classification of Diseases. There were significant excess deaths for "other hypertensive disease" (444-447) and "chronic nephritis" (592-594) in both cohorts, the standardized mortality ratios (SMRs) being 320 and 475, respectively, for the former causes and 222 and 265 for the latter. Proportionate mortality analysis, which adjusted for race, also showed elevated ratios, 241 and 388 for the former causes and 296 and 186 for the latter. Deaths from other hypertension-related diseases did not show comparable excesses. Renal cancer deaths were fewer than expected, SMRs being 41 and 74, respectively.
Deaths from Chronic Renal Disease in U.S. Battery and Lead Production Workers by W. Clark Cooper* This report is based on an analysis of deaths in 4519 battery plant workers and 2300 lead production or smelter workers during the years 1947 to 1980. Causes were coded to the seventh (1955) revision of the International Classification of Diseases. There were significant excess deaths for "other hypertensive disease" (444-447) and "chronic nephritis" (592-594) in both cohorts, the standardized mortality ratios (SMRs) being 320 and 475, respectively, for the former causes and 222 and 265 for the latter. Proportionate mortality analysis, which adjusted for race, also showed elevated ratios, 241 essential malignant hypertension (445), hypertension with nephrosclerosis (446), and other hypertensive disease without mention of heart (447). These correspond to malignant hypertension (400), essential benign hypertension (401), and hypertensive renal disease (403) in the eighth or 1965 revision (5). The chronic nephritis classification (5927594) excludes acute nephritis and nephrosis, but includes chronic nephritis (592), nephritis not specified as acute or chronic (593), and other renal sclerosis (594). These correspond to chronic nephritis (582), nephritis unqualified (583), and renal sclerosis unqualified (584) in the eighth revision.
Mortality Ratios - Table 1 shows the observed and expected deaths for the foregoing causes; all SMRs were significantly elevated. Death rates from hypertension-related diseases are higher in blacks than in whites. Proportionate mortality ratios (PMRs) were calculated (Table 2) , as these permit adjustment for race; 6.6% of battery deaths and 25% of smelter deaths were in black workers. The expected numbers are those that would have occurred if the proportions of total deaths due to those specific causes had been the same as in the U.S. male deaths for the same time period, adjusted for age and whether white or nonwhite. It can be seen that PMRs were somewhat lower than SMRs. Nevertheless, PMRs were significantly elevated in all but one comparison.
Deaths from Other HypertensionRelated Diseases
Several other causes of death associated with elevated blood pressure were investigated. These include hypertensive heart disease and cerebrovascular disease ( Table 3 ). The only SMR that was significantly elevated was that for hypertensive heart disease in smelter workers; however, proportionate mortality analysis (Table 4) suggested that the elevations were largely explained by race.
Six of the 35 deaths coded to hypertensive heart disease in battery workers were coded to rubric 442, hypertensive heart disease with arteriolar nephrosclerosis, corresponding to rubric 404 in the eighth revision (hypertensive heart and renal disease).
There were no excess deaths from cancer of the kidney, i.e., 3 with 7.3 expected in battery workers (SMR = 41) and 2 with 2.7 expected in smelter workers (SMR = 74). 
Relation to Lead Exposures
It was not possible to divide the population into subcohorts with estimated levels of lead exposure during different portions of their work histories. Blood lead and urine lead determinations during varying time periods between 1947 and 1972 are available for about 30% of the populations. These document high exposures, even after monitoring had been instituted, with many men having average urine lead levels greater than 100 jig/L and blood lead concentrations greater than 70 ,g/dL.
Discussion
Numbers of deaths from chronic renal disease were significantly higher then expected in both battery plant workers and smelter workers. Excesses were in both "other hypertensive disease" and "chronic nephritis" categories. Although the former included benign hypertension and malignant hypertension, it was dominated by renal disease, which was mentioned in 22 of 30 certificates. The pattern suggested that both vascular changes and interstitial nephritis were involved.
The observed excesses were in populations that had been heavily exposed to lead; all but four of the renal deaths were in men who had started work before 1950. These findings are consistent with numerous studies in animals and in man (6) (7) (8) (9) (10) (11) (12) (13) .
It was surprising that these cohorts showed no significant excess deaths from either hypertensive heart disease or from vascular lesions of the central nervous system. One would have expected such excesses if low level lead exposures can cause hypertension (13) (14) (15) .
The low incidence of renal cancers (with SMRs of 41 and 74), in spite of the strong evidence of nonmalignant nephropathy, is encouraging in view of animal studies and isolated human case reports (16, 17) .
